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Summary 
Results of experiments conducted to determine leafworm, the salt-marsh caterpillar and the garden 
the effect of natural or simulated climatic conditions webworm. 
on the residual toxicities of several chlorinated hydro- 
carbon and organophosphorus insecticides to several 
species of cotton pests are summarized in this pub- 
lication. 
In tests on the boll weevil with the chlorinated 
hydrocarbon insecticides, the residual properties of 
endrin and Sevin appeared to be quite similar under 
a variety of weathering conditions. Based on residual 
properties alone, toxaphene and dieldrin ranked with 
endrin and Sevin, but the initial toxicities of dieldrin 
and endrin to the boll weevil were appreciably greater 
than those of toxaphene. The mortality rate among 
weevils confined on spray residues of these insecti- 
cides was reduced by 20 to 30 percent after exposure 
of the residues to simulated wind or rain. This re- 
duction could result in failure to control the boll 
weevil under field conditions. 
The residual properties of aldrin and BHC were 
inferior to those of endrin, Sevin, dieldrin and toxa- 
phene under a variety of climatic conditions. The 
results obtained with heptachlor were erratic. 
The results obtained in tests on the boll weevil 
were similar to the data from tests with the cotton 
Among the organophosphdrus insecticides used 
in tests on the boll weevil, Guthion appeared to be 
more resistant to weathering than malathion, methyl 
parathion or Phosdrin. Malathion appeared to have 
residual properties intermediate between those- of 
Guthion and methyl parathion, while the period of 
residual effectiveness of Phosdrin was very short 
under all conditions. 
Simulated rain was the only weathering agent 
which appreciably reduced the residual toxicity of 
Guthion. In general, weathering did not reduce the 
residual toxicities of the organophosphorus insecti- 
cides as much in tests with cotton aphids and spider 
mites as in tests with the boll weevil. 
When treated plants were held under varying 
temperature and humidity conditions for 48 hours 
prior to the release of insects on the plants, the 
residual toxicities of a11 the insecticides tested were 
reduced appreciably. 
Losses in residual effectiveness among insecti- 
cidal dusts exposed to wind and rain usually were 
greater than among sprays of the same materials. 
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RESIDUAL TOXICITIES OF INSECTICIDES TO COTTON INSECTS 
8. G. Hightower a n d  J.  C. Gaines'" 
141.. ~ - ~ . ~ . s l a l r ~ d c E  OF INSECTICIDE RESIDUES was recog- tloor climatic contlitions were utilized for weathering T niml ;IS a factor in insect control shortly after the residues in some of the tests when it was possible 
tlic aclvcnt of the chlorinated hyclrocarbon ancl organo- to avoid any complicating conditions. 
pllo~pl~orus insecticides. ~esearch  on the effect of 
t lim;~tic factors on the residual toxicities of insecti- 
( itlcs to cotton insects was begun at the Texas Agri- 
( uItu~.;d Experiment Station by Gaines and Dean 
(1919). Data on tlie effect of sunshine and simulated 
t1c.r;. on  insecticide residues were presented by Gaines 
; ~ n t l  Dean (1950). Further research on the effect of 
jirnl~l;~tecl rain, sunlight, high natural temperatures 
;111c1 rvincl on insecticide residues was conducted by 
(;;tines antl Mistric (1951, 1952) , Mistric and Gaines 
(1953, 1954) , Mistric (1 954) , Owen (1954) , Mistric 
;tntl hrartin (1956) , Hightower and Martin (1958) 
; ~ n t l  Hightower (1959) . 
Growers are offered a choice of many different 
,ccticitles for use in the control of the major cotton 
,cct pests. Many of the chlorinated hydrocarbon 
. .(I organopl~osphorus insecticides are recommended 
lo1 the control of several diverse groups of insects. 
In  ;~tltlition to selecting an insecticide known to be 
toxic to a particular pest species, it would be advan- 
t,rgeous lor the grower to know what residual proper- 
ties to ;~ntici~ate from a given insecticide under 
\ , I I  ious weather conditions in the field. 
Experimen ta 1 Methods 
INSECTICIDES 
Each insecticide included in these studies was 
l~unislied by the manufacturer. All spray materials 
uwtl were prepared from emulsifiable concentrates, 
;tntl ;ill  (lusts were formulatecl with commercial 
tlilucnts. Fresh stocks of insecticides were obtained 
lor use a t  the beginning of each new season. 
I<cse;irch was conducted on the following chlori- 
11;1let1 liyrlrocarbon insecticicles: toxaphene, dieldrin, 
clltlrin, altlrin, benzene hexachloride and heptachlor; 
; t n t l  on the following organophosphorus insecticides: 
~)it~.;~tllion, methyl parathion, malathion, Guthion antl 
I'llo~tlrin. Also, several preliminary tests were con- 
t l u c  tetl with Sevin, a carbamate insecticide. 
CLIMATIC C O N D I T I O N S  
.\I1 ol the experiments were co~~cluctecl in the 
I;~l)ol.;ttory so that individual climatic factors coultl 
I)(, eilher controlled or simulatecl. Natural or out- 
In order to evaluate the weathering effect of n 
particular combination of climatic factors affecting 
insecticidal residues for a specifier1 period of time, 
potted cotton plants were sprayed or dusted anti 
separated into the following groups lor tletailetl 
observation: 
1. Initial toxicity - Insects were released on the 
sprayed or dusted plants within 45 minutes after 
treatment. Maximum mortalities usually were ob- 
tained on these plants and all losses in toxicity from 
weathering were estimated on this basis. 
2. Twenty-four hour exposure - Insecticides on 
cotton plants were exposed to certain weather con:' 
ditions for 24 hours prior to the release of the test 
insects on the treated plants. 
3. Wind or rain - Insecticides on cotton plants 
were exposed to wind or simulated rain for all or 
part of 24 hours prior to the confinement of the 
insects on the treated plants. 
Temperature during the exposure periods ranged 
from 54O to 115O F. anci the relative humidity varied 
from 28 to 98 percent. An uninsulated room was used 
in some of the tests to subject treated plants to high 
temperatures in the absence of bright sunlight. The 
sun raised temperatures in the room from 110° to 
115O F. for about 4 hours during a 24-hour period. 
For comparison, similar groups of treated plants were 
held in the laboratory at 85" -L: 5O F. during the 
24 hours prior to the release of the insects on a11 the 
treatecl plants. 
After the insects had been released on the various 
groups of treated plants, they were all held under 
identical conclitions for the remainder of the test. 
Natural wind currents were simulatetl in the 
laboratory by means of a 16-inch oscillating electric 
fan, Figure 1 .  The insecticide-treated plants exposed 
to simulated wind were placed in a single row about 
3 feet in front of the fan within the range of oscilla- 
tion. A later modification of this technique involved 
placing the fan vertically in a rigicl mount about 
a circular plywootl table. Treated plants situated 
around the rim of the table were exposed for 24 hours 
to the uniform air currents procluceti by the Ian. 
- 
* K c \ p ~ . ~ i j c l y ,  former]" assistant professor and head, Department Wind velocities in both techniques varie(l from 3.5 
,r E 11 tomoiogy. to 5 miles per hour (m.p.h.) . 
Figure 1. Modified Dustan table for applying simulated 
wind to treated cotton plants. 
Rain was simulated by means of a circular garden 
sprinkler mounted vertically in the top of a steel 
frame 3 feet square and 5 feet high, Figure 2. A 
16-mesh screen wire tray was mounted 15 inches below 
the sprinkler to break the stream of water into drops. 
The  sprayed or dusted plants were placed on the floor 
directly under the sprinkler and water was allowed 
to fall until 0.5 inch had collected in a gauge on the 
floor between the plants. This simulated a hard un- 
interrupted shower for 3 minutes. 
TEST INSECTS 
Field-collected boll weevils, Anthonomus grandis 
Boh., were used in some of the tests. However, more 
uniform results generally were obtained when the 
insects were reared from infested squares collected in 
the field and held under controlled temperatures in 
the laboratory until the adults emerged. 
Laboratory-reared third and fourth instar larvae 
were used in the tests involving the salt-marsh cater- 
pillar Estigmene acrea (Dr.) and the cotton leafworm, 
Alabnmn nrgillacea (Hbn.) . - Experiments with the 
garden webworm Loxostege stmilalis (Guen.) were 
conducted only on fourth-instar larvae. 
Cultures of the cotton aphid Aphis gossypii 
Glov. and the tumid spider mite Tetranychus tumidus 
Banks maintained in the laboratory on seedling cotton 
served as sources of supply for tests with these cotton 
pests. 
BIOASSAY TECHNIQUES 
In the tests with spray residues, cotton plants 
were passed by means of a turntable device through 
a spray delivered by two hollow-cone nozzles operat- 
ing under a pressure of 60 pounds per square inch 
(p.s.i.) , Figure 3. The volume of liquid applied in 
one revolution of the turntable at a speed of 4.5 
m.p.h. is equivalent to a field dosage of 5 gallons of 
spray per acre. The  desired dosage in terms of pounds 
of toxicant per acre was obtained by varying the 
amount of concentrate in a constant volume of spray. 
Sprays in some of the tests were applied from the 
top of a tower through a solid cone nozzle at a 
pressure of 40 p.s.i. and at a dosage equivalent to 
E f f e t  of Temperature and 
Insecticide residues on cotton plants were exposed 
7.5 gallons of spray per acre, ~ i g u r e  4. -insecticidal 
dusts were applied by compressed air from the top 
of a 44-inch dusting chamber. All dosages are ex- 
pressed in terms of pounds of toxicant per acre and 
an effort was made to approximate commonly recom- 
mended field dosages. 
In  the boll weevil tests, tour potted cotton plants 
were used for each treatment under each condition 
on a given date. Each treatment was repeated three 
to eight times on different dates. Ten to 15 boll 
weevils were released on each plant so that each 
treatment was tested with at least 120 insects. Essen- 
tially the same procedure was followed in tests with 
the cotton leafworm, the salt-marsh caterpillar and 
the garden webworm. Larger numbers of cotton 
aphids and spider mites were used in the tests on 
these pests. In most instances, each treatment was 
repeated eight times for each climatic condition under 
study. Mortality percentages in all tests were based 
on the number of insects killed within 3 to 5 days 
after the release of the insects on the treated plants. 
Figure 2. Apparatus for applying simulated rain to treated prevailing temperature and 
cotton plants. for 24 hours before the insects were placed on them. 
4 
1)uring the tests temperatures ranged from 54O to 
115O 1;. and relative humidities varied from 28 to 
!)8 percent. Losses in toxicity attributed to these 
climatic factors are shown in the column marked 
"23-hour exposure" in each graph. 
Temperature and humidity changes did not 
grcatly alter the residual toxicities of toxaphene, 
tlicltlrin, endrin and Guthion. Losses in toxicity were 
mut l l  greater among the more volatile insecticides 
5 u t l i  ;is BHC, parathion, methyl parathion and 
I'lio\tlrin. Within the effective limits, the ranges of 
rcmpcrature ant1 humidity were not important in 
tlcccrmining the period of residual toxicity of either 
qror1p. 
CHLORINATED HYDROCARBON 
INSECTICIDES 
TOXAPHENE. Toxaphene sprays were applied 
lo plant., at a dosage of 1.5 pounds of toxicant per 
;itre, and the plants were exposed to temperatures 
ranging from 68O to 106O F. and relative humidities 
ranging from 34 to 98 percent. A reduction of 10 
pcrccnt in mortality occurred among weevils confined 
on  thece plants compared with weevils confined on 
I r c h l y  sprayed plants, Figure 5. The  reduction in 
mortality increased to 56 percent when the weevils 
were released on treated plants which had been 
\vc;~theretl for 48 hours. 
In tests with the cotton leafworm confined on 
to\;~j)hcne residues which had been exposed to an 
clfcctivc temperature range of 76O to 106O F. and a 
l i~lmit l i ty  range of 36 to 62 percent, the reduction 
in mortality averaged 15 percent, Figure 6. Under 
rcrnperatures ranging from 67O to 77O F., a spray of 
0.5 pound of toxaphene per acre was more toxic to 
rllc leafworm than 0.06 pound of toxaphene per acre 
;~l)l)lictl as a dust. 
\,lit-marsh caterpillars were confined on the resi- 
tluc5 of toxaphene sprays applied at dosages of 0.3 
to 1 j)ound of toxicant per acre. Mortality among 
r l~c  inwcts confined on freshly sprayed plants aver- 
,~gct l  25 percent greater than that recorded when 
cupowre of the insects on treated plants was delayed 
lor 24 Ilours, Figure 7. In a similar series of tests 
~ \ i r I i  the garden webworm only a 7 percent reduction 
111 mortality was recorded. 
DIELDRIN. Spray dosages ranging from 0.15 
lo 0.3'4 pound of dieldrin per acre were used to 
tr,llu,~te the residual toxicity of this insecticide to 
rllc holl weevil. A 20 percent reduction in mortality 
ot( rlr~etl when treated plants were weathered 24 hours 
I)rlorc the weevils were confined on them. The  
~ c s ~ t l u , ~ l  toxicity of dieldrin was greatly reduced after 
, I  18-liour weathering period. 
LOFS of residual toxicity of dieldrin was more 
striking in tests with the cotton leafworm. A 74 
percent reduction in the residual toxicity of dieldrin 
Figure 3. A machine for spraying cotton plants in the 
laboratory. The plants are revolved through the spray at a 
speed of 4.5 miles per hour, simulating tractor spraying in the 
field. 
to this pest occurred after the insecticide had been 
on the plants for 24 hours. However, it should be 
noted that only 0.05 pound of dieldrin per acre was 
used in these tests. . *. 
In  tests with the salt-marsh caterpillar, dieldrin 
was applied on plants at the rate of 1 pound per 
acre. Mortalities were reduced by 22 percent on 
treated plants which had been exposed to prevailing 
temperatures for 24 hours. 
Residues from a spray application of 0.5 pound 
of dieldrin per acre killed 47 percent fewer garden 
Fi<gure 4. Tower used to apply predetermined dosages of 
spray emulsions or dusts of insecticides to individual cotton 
plants. 
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Figure 5. Effect of various climatic factors on the toxicities of six chlorinated hydrocarbon insecticides and Sevin to the boll 
weevil, Anthonornus grandis Boh. 
webworms after the treated plants had been held for 
24 hours prior to the release of the worms. Tempera- 
tures during this period ranged from 7 4 O  to 110" 
F. and relative humidities varied between 22 and 
98 percent. 
BENZENE HEXACHLOKIDE. In tests with 
the boll weevil, emulsion sprays of BHC were applied 
to cotton plants at a dosage equivalent to 0.33 pound 
of BHC per acre. On treated plants weathered for 
24 hours, weevil mortality averaged 50 percent less 
than on freshly sprayed plants. 
After plants were treated with BHC and exposed 
to prevailing temperature for 48 hours, less than 20 
percent of the weevils confined on them were killed. 
In a series of tests with the cotton leafworm, 
BHC was sprayed on plants at the rate of 0.25 pound 
per acre. After a 24-hour weathering period the 
mortality rate was 22 percent less than kills of leaf- 
worms confined on freshly sprayed plants. 
Benzene hexachloride was sprayed on seedling 
cotton plants at the rate of 1 pound per acre and 
cotton aphids were placed on one group of plants 
shortly after the spray had dried. In  a second group 
the plants were exposed to prevailing temperature 
for 24 hours prior to the release of the aphids. Kills 
among the aphids were reduced 25 percent after the 
24-hour delay period. 
ALDRIN. On aldrin-treated plants, which had 
been exposed to prevailing temperatures for 24 hours, 
the mortality rate among confined weevils was 45 
percent less than among those confined on freshly 
treated plants. The  dosage was equivalent to 0.33 
pound of aldrin per acre. The  mortality rate among 
weevils confined on aldrin-treated plants which had 
been exposed to prevailing temperatures for 48 hours 
was reduced by 84 percent below the kills obtained 
on freshly sprayed plants. 
In  tests with the cotton leafworm, aldrin was 
sprayed on the plants at the rate of 0.25 pound per 
acre. After the treated plants had been exposed to 
prevailing temperatures for 24 hours, the mortality 
rate among leafworms released on them was reduced 
by 30 percent compared with mortalities obtained 
from releases on freshly sprayed aldrin. 
Plants were sprayed with altlrin at the rate of 
2 pounds of toxicant per acre in tests with the salt- 
marsh caterpillar. Kills among the insects confined 
on the residues were reduced by 70 per cent after the 
treated plants had been exposed to prevailing tem- 
peratures for 24 hours. Similar results were obtained 
in tests with the garden webworm. 
ENDRIN. Spray residues of entlrin on cotton 
plants were equally toxic to the boll weevil both 
before and after a 24-hour exposure to prevailing 
temperatures. The  spray was applied at a rate equiva- 
lent to 0.12 pound of endrin per acre. Forty-eight 
hours after the plants had been sprayed kills of weevils 
on the residues were reduced by 18 percent below 
mortalities obtained on freshly treated plants. 
Endrin applied to plants at the rate of 0.01 pound 
per acre was highly toxic to the cotton leafworm. ,4 
reduction of 17 percent in mortality occurred when 
the leafworms were confined on treated plants which 
had been exposed to prevailing temperatures for 24 
hours. Similar results were obtained in tests with 
the salt-marsh caterpillar and the garden webworm. 
However, the spray dosages were increased up to 0.30 
pound of endrin in the latter tests. In general endrin 
dusts were as effective as sprays. 
HEPTACHLOR. Sprays of heptachlor applied 
to plants at the rate of 0.33 pound of toxicant per 
acre were used in tests with the boll weevil. Mortali- 
ties among weevils confined on freshly treated plants 
varied from 41 to 85 percent. After the sprayed plants M 
had been exposed to prevailing temperatures for 24 
hours, weevil kills on the residues were reduced by 
25 percent. 
ORGANOPHOSPHORUS INSECTICIDES 
PARATHION. In tests with the cotton leaf- 
worm, parathion was sprayed on plants at the rate 
of 0.005 pound per acre. High mortality rates were 
noted when leafworms were exposed to residues on 
treated plants which had been kept in the laboratory 
for 24 hours; however, leafworms were not killed by 
feeding on treated plants which had been left out- 
tloors for 24 hours. 
Sprays of parathion were toxic to the tumid spider 
mite, Figure 8. Parathion was applied to plants at 
a rate of 0.1 pound per acre. A reduction in mortality 
of 20 percent occurred when mites were placed on 
treated plants which had been weathered for 24 hours. 
Kills of mites on freshly sprayed plants were used 
for comparison. 
A spray dosage of parathion equivalent to 0.1 
pound per acre was used in tests with the cotton 
aphid. The mortality rate among cotton aphids con- 
fined on freshly sprayed plants was 38 percent higher 
than among aphids confined on treated plants which 
had been exposed to temperatures ranging from 65' 
to 98' F. for 24 hours, Figure 9. 
METHYL PARATHION. In tests with the boll 
weevil, methyl parathion was sprayed on plants at  
dosages equivalent to 0.125 to 0.33 pound of toxicant 
per acre. Almost 100 percent of the weevils confined 
on freshly sprayed plants were killed, Figure 10. The  
mortality rate was reduced by about 19 percent when 
weevils were confined on treated plants which had 
been held in the laboratory at 85O F. for 24 hours. 
No further reduction in weevil mortality occurred 
on treated plants which had been held in the labora- 
tory for 24 hours at temperatures up to 1 10° F. How- 
ever, the average mortality was reduced by 65 percent 
when weevils were placed on treated plants which had 
been held outdoors for 24 hours. Bright sunlight may 
have contributed to these losses in residua1 toxicity. 
Tests with the cotton leafworm showed that the 
residual toxicity of methyl parathion to this insect 
was reduced when treated plants were held in the 
laboratory for 24 hours before leafworms were placed 
on them. 
When both insecticides were applied at the same 
dosage, methyl parathion was less toxic to the tumid 
spider mite than parathion under all test conditions. 
Essentially the same ,results were obtained in tests 
with the cotton aphids. 
MALATHION. The  residual properties of 
malathion were similar to those of methyl parathion 
in tests with the boll weevil. In these tests, malathion 
was sprayed on plants at dosages equivalent to 0.5 
pound of toxicant per acre. Mortalities among weevils 
Figure 6. Effects of various climatic factors on the toxicities 
of toxaphene, endrin and aldrin to the cotton leafworm, Ala- 
bama argillacea (Hubner). 
confined on freshly sprayed plants were 19 percent 
greater than mortalities among these insects confined 
on treated plants which had been exposed to prevail- 
ing temperatures for 24 hours. Temperatures above 
100° F. in the absence of bright sunlight did not 
further reduce the residual toxicity of malathion. The  
residual effectiveness of this insecticide was greatly 
reduced when treated plants were exposed to high 
temperatures and bright sunlight before weevils were 
confined on them. 
I n  tests with the cotton leafworm, spray residues 
of malathion from an application equivalent to 0.25 
pound per acre were no longer toxic to this insect 
after the treated plants had been exposed to prevail- 
ing temperatures for 24 hours. 
The  extent of mortality among cotton aphids 
on spray residues of malathion was reduced 50 per- 
cent after treated plants had been exposed to prevail- 
ing temperatures for 24 hours. 
GUTHION. Dosages of Guthion equivalent to 
0.04 pound per acre were used in tests with the boll 
.:.:.:.:. :.:.:.:.: 2.-HOUR 
m%:::TY ::$$j EXPOSURE RUN 
100 .... L ._i 
90 
80 
2 TO 
2 60 
z 
: 50
40 
0 2 30 
W 
$ 2 0  
10 
TOXAPHENE ENDRIN D I E L D R I N  ALDRIN 
Figure 7. Effects of various climatic factors on the toxicities 
of four chlorinated hydrocarbon insecticides to the salt-mars11 
caterpillar, Estigmene acrea (Drury). 
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Fi<pre 8. Effects of various climatic factors on the toxicities 
of parathion, Guthion, and Phosdrin to the tumid spider mite, 
Tetranychus tumidus Banks. 
weevil. Excellent kills of weevils were obtained on 
freshly treated plants and also on treated plants which 
had been exposed to prevailing temperatures for 24 
hours. In these tests, temperatures above 100° F. did 
not affect the residual toxicity of Guthion. Dusts of 
Guthion were equally effective under these conditions. 
Dosages of Guthion equivalent to 0.5 pound of 
toxicant per acre were highly toxic to the tumid spider 
mite. The  extent of mortality among the mites was 
reduced only 18 percent when they were confined on 
treated plants which had been exposed to prevailing 
temperatures for 24 hours. However, smaller dosages 
of Guthion were ineffective under these conditions. 
Effect of Simulated Rain 
In general, simulated rain appreciably reduced 
the residual toxicities of the chlorinated hydrocarbon 
insecticides to all the test insects. I t  is doubtful that 
the residues on treated plants remaining after a half- 
inch rain would be sufficient to insure protection 
Erom insect damage. Residues of endrin appeared to 
be least affected by rain, while the residual toxicities 
of aldrin and BHC were almost completely destroyed. 
Figure 9. Effects of various climatic factors on the toxicities 
of parathion, malathion, and BHC to the cotton aphid, Aphis 
gossypii Glover. 
Among  the  o rganophosphorus  compounds, 
Guthion and malathion were considerably less effec- 
tive after a rain. However, most of the other insecti- 
cides in this group had short periods of residual 
effectiveness even in the absence of rain. 
CHLORINATED HYDROCARBON 
INSECTICIDES 
TOXAPHENE. Several experiments were con- 
ducted to determine the effect of iain on the residual 
toxicity of toxaphene to the boll weevil. All the 
materials were applied as emulsion sprays. One-half 
inch of simulated rain was applied as soon as the 
sprays had dried on the plants and the weevils were 
released on plants within 30 to 45 minutes. No 
reductions in mortality could be attributed to the rain 
treatments in four of the tests while reductions above 
50 percent occurred in  the remaining three tests. It  
is noteworthy that reductions in mortality occurred 
in those tests where the kill of weevils on the freshly 
sprayed plants was relatively high. When all the 
treatments were weathered for 24 hours and reduc- 
tions in residual toxicity caused by other factors were 
discounted, simulated rain did not further reduce the 
residual toxicity of toxaphene. 
In tests with the cotton leafworm, simulated rain 
was detrimental to toxic residues of toxaphene. Mor- 
talities among worms were about 30 percent less on 
spray residues of this insecticide which had been 
exposed to simulated rain than those obtained on 
treatments held under the usual laboratory conditions. 
The  residual effectiveness of toxaphene dust were 
virtually destroyed by simulated rain in these tests. 
In tests on the salt-marsh caterpillar, spray dos- 
ages of toxaphene equivalent to 0.35 pound of toxi- 
cant per acre killed 55 percent of the caterpillars on 
the residues weathered by simulated rain. The 
residual effectiveness of toxaphene dusts for these 
insects was destroyed by simulated rain. 
DIELDRIN. Mortalities among boll weevils con- 
fined on plants treated with dieldrin were reduced 
by approximately 50 percent after the plants had 
been exposed to simulated rain. However, some 
the mortality rates averaged less than 30 percent evc 
on the freshly sprayed plants. 
In tests on the salt-marsh caterpillar, the residual 
effectiveness of dieldrin was adversely affected by 
exposure of the sprayed plants to simulated, rain. 
Mortalities among the caterpillars were reduced from 
90 percent on freshly sprayed plants to 34 percent on 
the treated plants subjected to simulated rain. 
BENZENE HEXACHLORIDE. Simulated rain 
completely destroyed the residual toxicity of BHC 
dusts to the cotton leafworm when the dusts were 
applied at dosages equivalent to 0.04 to 0.08 pound 
of toxicant per acre. 
The  effect of rain on spray residues of BHC 
could not be evaluated in tests on the boll weevil 
;rntl the tottoil aphid because a 24-hour exposure 
j)eriotl in the absence of rain was almost as detrimental 
l o  the resitIuaI toxicity as exposure to rain. 
ALDRIN. Residues of aldrin on plants were no 
longer eflcctive in killing boll weevils after being 
FUI) ICC~C(I  to simulatecl rain. Simulated rain was 
,rl)plietl as soon as the spray had dried on the plants. 
Lrcn  this short exposure resulted in a 67 percent 
tletrc;~,e in mortality compared with mortalities 
;Imong weevils confined on freshly sprayed plants. 
ENDRIN. Endrin spray applied to plants at a 
tlos;~gc equivalent to 0.196 pound per acre killed 80 
percent of the boll weevils released on treated plants 
,vhirh hat1 been exposed to simulated rain. 
\Then the cotton leafworm was used as a test 
illsect, simulated rain reduced the residual toxicity 
of cntlrin spray in one series of tests, but had no 
ell'ect on the residual toxicity in the other. 
Mortalities among salt-marsh caterpillars from 
y)r;iy residues of endrin were reduced from 95 percent 
to 70 percent by a 24-hour exposure period which 
intlutlctl simulated rain. 
HEPTACHLOR. The residual toxicity of hepta- 
chlor slxays to the boll weevil was adversely affected 
1)). rain. Mortalities among weevils confined on 
sl)r;~pctl plants were reduced by approximately 50 
pcrccnt when the treated plants were exposed to 
sirnul;~tctl rain. 
I\ spray application of heptachlor equivalent to 
0. t j)ountl of toxicant per acre killed only 20 percent 
( 1 1  thc dt-marsh caterpillars released on treated plants 
\ c ~ h i t l i  hat1 been exposed to rain compared to a 77 
~)crtcn~ mortality rate obtained on freshly sprayed 
pl;cnt$. 
ORGANOPHOSPHORUS INSECTICIDES 
PIIRI-ITHION. The residual toxicity of para- 
rliioti to the tumid spider mite was not affected by 
~i1nul;ttetl rain when the spray was applied at a dosage 
c.cluiv;~lcnt o 0.3 pound of toxicant per acre. 
Ki l l5  or the cotton aphid on spray residues of 
1),11;1thion were reduced by approximately 25 percent 
I)elow the kills obtained on residues held for 24 hours 
i n  tllc ;~bscnce of rain. The initial dosages of para- 
t l ~ i o ~ ~  in these experiments were equivalent to 0.25 
~ ) O I I I I ( ~  ot toxicant per acre. 
METI-IYL PARATHION. When boll weevils 
were usctl in tests with this compound, most of the 
losses in toxiciiy occurred during the 24-hour weather- 
ill!: j)criotl. N o  additional losses due to simulated rain 
tvc.1-c ;ipl):went. Dosages of methyl parathion equiva- 
Icnt to 0.2 pountl per acre were ineffective to the boll 
iveevil 2.1 hours after the insecticide was applied. 
Siliiil;~r results were obtained in tests with the cotton 
1c.n I'wor~n. 
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Figure 10. Effects of various climatic factors on the tox- 
icities of four organophosphorus insecticides to the boll weevil, 
Anthonornus grandis Boh. 
MALATHION. Sprays of malathion were in- 
effective for killing the boll weevil after the residues 
were exposed to simulated rain. The  reductions in 
kills were less striking in tests on the cotton leafworm, 
but the detrimental effect of rain was still clearly 
evident. Exposures to simulated rain reduced kills 
of cotton aphids from residues of malathion by more 
than 50 percent. 
GUTHION. Simulated rain was probably the 
most important single factor contributing to the loss 
of the residual toxicity of Guthion with all species 
of the test insects. Toxic residues of this material 
were relatively stable under all the other climatic 
conditions encountered during these investigations. 
In tests on the boll weevil, dosages of Guthion equiva- 
lent to 0.125 pound per acre were ineffective after 
the residues had been exposed to simulated rain. In 
tests on the tumid spider mite, dosages of Guthion 
equivalent to 0.5 pound per acre lost about 50 percent 
of the residual effectiveness after weathering by rain. 
PHOSDRIN. The  effective residual period of 
Phosdrin was too short to evaluate the effects of 
simulated wind and rain on the residues. Tempera- 
ture and humidity conditions incident to the holding 
period were sufficient to destroy most of the residual 
toxicity of this material. 
Effect of Simulated Wind 
Among the chlorinated hydrocarbon insecticides, 
there was little difference between the effects of simu- 
lated wind and rain on residual toxicities. However, 
it is likely that under field conditions the effects of 
rain would be more noticeable. 
Simulated wind was less damaging than rain to 
the residual toxicities of Guthion and malathion in 
most of the tests. The  results with parathion ancl 
methyl parathion were about the same whether the 
period of weathering included simulated wind or rain. 
Generally, insecticide dusts were affected more 
by simulated wind than sprays of the same materials. 
CHLORINATED HYDROCARBON 
INSECTICIDES 
TOXAPHENE. Simulated wind reduced the 
residual toxicity of toxaphene sprays to the boll 
weevil by approximately 40 percent after the effects 
of temperature and humidity on the residues during 
the exposure periods had been discounted. 
The effect of wind on dust residues of toxaphene 
was evident in tests on the salt-marsh caterpillar. 
After clusted plants were exposed to simulated wind 
for 24 hours, mortalities among caterpillars confined 
on these plants were reduced 55 percent. 
DIELDRIN. Spray residues of dieldrin were less 
toxic to the boll weevil after exposure to simulated 
wind. Kills of weevils on treated plants, which had 
been subjected to air currents for 24 hours, were 
reduced by 33 percent compared with those obtained 
on treated plants exposed for the same period of time 
in the absence of simulated wind. 
In tests with dieldrin dusts on the salt-marsh 
caterpillar, 80 to 90 percent of the test insects were 
killed by dosages of dieldrin equivalent to 1.0 pound 
of toxicant per acre; however, only 30 to 40 percent 
were killed when placed on treated plants which had 
been subjected to simulated wind for 24 hours. Essen- 
tially the same results were obtained with sprays of 
dieldrin applied at dosages equivalent to 0.15 to 0.33 
pound of toxicant per acre. 
BENZENE HEXACHLORIDE. The residual 
toxicity of BHC to the boll weevil was practically 
destroyed by simulated wind. 
In tests with the cotton leafworm BHC was 
sprayed on plants at the rate of 0.25 pound per acre. 
After the treated plants had been exposed to simu- 
lated wind for 24 hours the kills among confined 
leafworms were reduced by 30 percent. 
There was little difference .in the residual toxicity 
of BHC to the cotton aphid when simulated wind 
was added to the weathering factors affecting the 
treated plants. 
ALDRIN. Toxic residues of aldrin were dissi- 
pated so rapidly by temperature and moisture con- 
ditions during the exposure periods that it was 
difficult to evaluate the role of wind in the reduction 
of the residual toxicity to the bolt weevil of this 
compound. However, kills of the salt-marsh cater- 
pillar and the garden webworm were reduced by 
about 40 percent by the action of wincl on spray and 
dust residues of aldrin. 
Simulated wind appreciably reduced the residual 
toxicity of aldrin to the leafworm. 
ENDRIN. Wind apparently had little effect on 
the residual toxicity of endrin to the boll weevil. 
Compared with 78 percent mortality obtained on 
freshly Sprayed plants, spray residues of endrin sub- 
jected to wind currents for 24 hours killed only 36 
percent of the cotton leafworms released on them. 
However, it should be notecl that the dosage of endrin 
used in this experiment was equivalent to only 0.01 
pound of toxicant per acre. 
Dosages of endrin equivalent to 0.25 pound of 
toxicant per acre killed about 50 percent of the test 
population of salt-marsh caterpillars on residues which 
previously had been exposed to sirriulated wind. How- 
ever, when the dosage was reduced to 0.15 pound per 
acre, the kills averaged about 60 percent less than 
those obtained among the insects confined on the 
residues weathered in the absence of simulated winil. 
HEPTACHLOR. The residual toxicity of hepta- 
chlor to the boll weevil was reduced appreciably by 
simulated wind. Mortalities among weevils confined 
on sprayed plants were reduced by 50 percent by 
exposure of the treated plants to either simulated 
wind or rain. Similar results were recorded in tests 
with the salt-marsh caterpillar. 
ORGANOPHOSPHORUS INSECTICIDES 
PARATHION. Simulated wind clid not reduce 
the residual toxicity of parathion spray to the cotton 
leafworm even when the dosages of insecticide were , 
reduced to 0.005 pound of toxicant per acre. 
In tests on the tumid spider mite, simulated wincl 
acting on the parathion spray residues reduced the 
kills about 19 percent below those obtained from 
residues held in the absence of wincl. Essentially the 
same results were obtained in tests using the cotton 
aphid. 
METHYL PARATHION. When dosages equiva- 
lent to 0.5 pound per acre of this insecticide were 
applied to plants to kill boll weevils, simulated wind 
did not reduce the residual toxicity below that on 
treated plants held in the absence of wind. In this 
instance most of the toxic residues were dissipated 
by temperature and humidity conditions inherent in 
the holding period. No adclitional losses of residual 
toxicity could be attributed to wind in tests on the 
tumid spider mite. However, mortalities obtained 
on sprayed plants held for 24 hours in the absence 
of wind were quite low. 
The residual toxicity of methyl parathion to the 
cotton leafworm was virtually destroyed when treated 
plants were exposed to wind for 24 hours. 
MALATHION. In tests with the boll weevil, 
malathion was applied to plants at the rate of 0.5 
pound per acre. At this dosage the residual toxicity 
of malathion to weevils was not reclucetl appreciably 
by simulated wincl. 
The residual toxicity of malathion to the cotton 
leafworm was reduced by wind. However, the dosages 
of malathion used in tests on this insect were equiva- 
lent to only 0.025 pound of toxicant per acre. 
No reduction in residual toxicity of malathion 
to the cotton aphid owing to simulated wind was 
rccol-tled. 
GUTHION. Residues from an application of 
Guthion dust exposed to simulated wind for 24 hours 
killctl about 60 percent of the boll weevils released 
o n  tllem compared to an 80 percent kill obtained on 
resitlues held in the absence of wind. However, it 
slloulrl be notecl that the dosage of Guthion in this 
csl~crimcnt was equivadent to only 0.06 pound of 
tcchtlical material per acre. Essentially the same 
r c ~ u l t s  were obtained in tests on spray applications 
ol Guthion. A 25 percent reduction in kills of weevils 
lva$ noted after treated plants were exposed to simu- 
1;ttetl wintl for 24 hours. Spray residues of Guthion 
t l i t l  not appear to be adversely affected by wind in 
test5 on the tumid spider mite when the initial dosages 
wcrc crluivalent to 0.5 pound of toxicant per acre. 
Effect of Simulated Dew on 
Insecticides 
Esposing plants treated with dusts or sprays of 
~oun~~licn"eDDT and BHC-DDT to dews reduced the 
toy i t  ities of these materials to the boll weevil. In 
gcncral, the toxaphene and toxaphene-DDT sprays 
I c6rn;~ inetl more toxic after these exposures than toxa- 
1~11ctle ( lust  or RHC sprays or dusts. 
'1-llc rcsitli~al toxicity of aldrin to the boll weevil 
\\ . , IS ~irlually clestroyed by a 24-hour exposure to 
,111111icnt emperatures accompanied by a dew. 
111 general, clew was no more detrimental to the 
I usit1u;rl toxicities of the organophosphorus insecti- 
t itlcs than the temperature and humidity conditions 
i~illcrent in the holding periods. 
Effect of Sunlight on 
Insecticides 
So techniques were devised to investigate the 
dlcc L ol sunlight on insecticide residues in the absence 
ol higli temperature and low relative humidities. Out- 
door climatic conditions during the summer included 
rn;tuirnum light intensities of from 7,000 to 13,000 
loo1 c;cti~llcs. The residual toxicities of all the in- 
scctit itlcs tcsted except Guthion were more adversely 
;~llcctctl 1)y outdoor exposures than by exposures to 
( onl~~;~ral~Ie high temperature and low humidity con- 
t l i ~ i o n s  on the laboratory or greenhouse. It is doubt- 
1 \ 1 1  I hil t  these differences were caused solely by varia- 
ti0115 in light intensities. 
l7ffects of Climatic Factors on 
Sevin 
Scvel-a1 preliminary tests were conducted on the 
rllcc ts of temperature and humidity conditions and 
simulated rain on the residual toxicity of Sevin to 
the boll weevil. Wettable powders of Sevin sprayed 
on plants at a dosage equivalent to 1 pound of toxi- 
cant per acre remained equally toxic to the boll weevil 
after a 24-hour exposure to midsummer light, tem- 
perature and humidity conditions, or to 0.5 inch of 
simulated rain. The mortality rates among weevils 
on these treated plants were not significantly different 
from the kills obtained on treated plants held in the 
laboratory at 8 5 O  F. 
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Location of field research units of the Texas 
Agricultural Experiment Station and cooperating 
agencies 
State-wide Research 
The Texas Agricultural Experiment Station 
is the public agricultural research agency :, 
of the State of Texas, and is one of ten 
parts of the Texas A&M College System 
IN THE MAIN STATION, with headquarters at College Station, are 16 subject- 
matter departments, 2 service departments, 3 regulatory services and the 
administrative staff. Located out in the major agricultural areas of Texas are 
21 substations and 9 field laboratories. In addition, there are 14 cooperating O R G AN I  Z A T I  0 N stations owned by other agencies. Cooperating agencies include the Texas 
Forest Service, Game and Fish Commission of Texas, Texas Prison System, 
U. S. Department of Agriculture, University of Texas, Texas Technological 
College, Texas College of Arts and Industries and the King Ranch. Some 
experiments are conducted on farms and ranches and in rural homes. 
THE TEXAS STATION is conducting about 400 active research projects, grouped 
in 25 programs, which include all phases of agriculture in Texas. Among 
these are: 
Conservation and improvement of soil Beef cattle 
Conservation and use of water Dairy cattle 
Grasses and legumes Sheep and goats 
Grain crops Swine 
Cotton and other fiber crops Chickens and turkeys 
Vegetable crops Animal diseases and parasites 
Citrus and other subtropical fruits Fish and game 
Fruits and nuts Farm and ranch engineering 
Oil seed crops Farm and ranch business 
Ornamental plants Marketing agricultural products 
Brush and weeds Rural home economics 
Insects Rural agricultural economics 
Plant diseases I 
OPERATION 
I 
Two additional programs are maintenance and upkeep, and central services. ~ 
Research results are carried to Texas farmers, 
ranchmen and homemakers by county agents 
and specialists of the Texas Agricultural Ex- 
tension Service 
AGRICULTURAL RESEARCH seeks the WHATS. the 
WHYS, the WHENS, the WHERES and the HOWS of 
hundreds of problems which confront operators of 
farms and ranches, and the many industries depend- 
ing on or serving agriculture. Workers of the Main 
Station and the field units of the Texas Agricultural 
Experiment Station seek diligently to find solutions to 
these problems. 
